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R244sex determination gene found from
nematodes to mammals, is likely to
play a key role in Nasonia sex
determination via the expression of
sex-specific spliceforms [19]. The
allele-specific increase in male wing
size is correlated to higher expression
of the male spliceform of doublesex
in wing tissue [18]. This suggests that
ws1 alleles induce wing-specific
differential expression of the
mediator of sex differentiation
doublesex and the modulation of
the wing developmental pathway
which ultimately leads to differences
in wing size.
This type of evolution of sex and
tissue-specific expression via
regulatory elements linked to a sex
differentiation gene may be a common
manner of resolving genetic conflicts
resulting from sexually antagonistic
selection. For example, a recent study
[20] of rock-dwelling Lake Malawi
cichlid fish (Figure 1) showed that
the orange-blotch (OB) locus, which
apparently leads to increased female
but decreased male fitness, contains
Pax7, a gene known to specify the fate
of pigmentation cells. The OB allele at
Pax7 shows two-fold higher expression
than the non-OB allele but both
have the same coding sequences,
suggesting that cis-regulatory
differences account for the OB
phenotype. Additionally, all fish
carrying the OB allele are female while
non-OB fish can be of either sex. This
indicates that OB is linked to a female
sex determiner that is dominant over
the ancestral sex determination system
found in non-OB fish [20].
Taken together, the new insights
obtained from the Nasonia genomes
underscore the value of genomicstudies of species with unusual
biology. The demonstration that
several interpretations previously given
to explain peculiarities of the honey bee
genome are unlikely also shows that
caution is required when interpreting
comparative results if data are
available from only few studies. The
increasing feasibility of sequencing
multiple, well chosen genomes will
no doubt open new opportunities
to address a variety of interesting
evolutionary questions.
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Weigh InThe role of microcephaly genes in normal variation in human brain size
has been controversial. New studies show that a link does exist and imply
sex-specificity in microcephaly gene action during neurogenesis.Stephen H. Montgomery
and Nicholas I. Mundy*
Primary microcephaly is a rare,
congenital disorder characterised bya severely underdeveloped cerebral
cortex, with the rest of the brain being
relatively unaffected [1]. The condition
has been linked to eight autosomal loci,
of which five have been identified ata molecular level [2]. These loci,
colloquially known as ‘microcephaly
genes’, are therefore presumed to play
important roles in size regulation during
brain development. The suggestion
that two microcephaly genes, ASPM
andMCPH1, have experienced positive
selection in recent human evolution
[3,4] was therefore met with a great
deal of excitement, as this suggested
a basis for the remarkable expansion
in brain size observed during human
evolution. The excitement was,
however, equalled by controversy
Dispatch
R245as the putatively advantageous
haplotypes were found to be unequally
distributed between human
populations which, for some, implied
an equally non-homogenous
distribution of cognitive abilities [5]. Up
to now, direct evidence linking variation
in the microcephaly genes to brain size
has been lacking, but two recent
studies [6,7] suggest that the
microcephaly genes do contribute to
variation in human brain size after all.
Demonstrating such a link is an
important step, as the role of
microcephaly genes in brain
development and evolution is not well
established. Indeed, the findings of
recent positive selection on ASPM and
MCPH1 have been challenged on two
fronts: first, the evidence for selection
itself has been disputed — it has been
argued that demographic effects alone
can explain the observed distribution of
haplotypes [8,9]. Interestingly, scans
for recent positive selection in the
human genome have not highlighted
ASPM or MCPH1 but have detected
selection on two other microcephaly
genes, CENPJ and CDK5RAP2 [10].
Second, evidence was lacking that
these loci contribute to normal
variation in human brain size or
structure. In fact, a number of
studies have consistently shown
a lack of any association between
single nucleotide polymorphisms
(SNPs) of ASPM, MCPH1 or
CDK5RAP2 and various brain-related
phenotypes [11–16]. This has
resulted in the studies of MCPH1
and ASPM having become a
showcase example of
over-interpretation of DNA sequence
analysis resulting in unsupported
adaptive narratives [17].
The new findings from two
independent studies [6,7] provide
evidence that variation in the
microcephaly loci do contribute to
variation in brain size and so add an
important missing piece to our
understanding of the normal function
of the loci. In the more comprehensive
study, Rimol et al. [6] initially focus on
an ethnically homogenous sample
consisting of almost 300 Norwegian
subjects, of a range of ages. The
cortical surface area and thickness,
total brain volume and intracranial
capacity were inferred from
standardised MRI images, and each
individual was genotyped for SNPs at
four microcephaly genes, ASPM,
MCPH1, CDK5RAP2 and CENPJ.Associations between SNPs and the
brain phenotypes were assessed using
a model which allowed the detection of
sex-specific associations. After
correction for multiple testing, 10 SNPs
within one linkage disequilibrium block
in CDK5RAP2, 4 SNPs inMCPH1 and 1
SNP in ASPM were found to be
associated with somemeasure of brain
size. All of these SNPs were found in
either upstream, downstream or
intronic regions of these genes. No
CENPJ SNPs were associated with any
measure of brain size. Rimol et al. [6]
subsequently followed up the twomost
significant associations (in CDKRAP2)
in a second, independent sample,
using the identical analytical methods
and in both cases the same association
was found, strongly suggesting
a robust relationship between the SNPs
identified and variation in brain size.
Remarkably, for each of the 15 positive
SNPs, the association was sex-specific
with all significant results for
CDK5RAP2 SNPs being found only in
males, whilst the significant results for
MCPH1 and ASPM were only found in
females [6].
The second study, by Wang et al. [7],
only considered variation in the coding
sequence ofMCPH1 but found that one
non-synonymous SNP is associated
withmale cranial volume but not female
cranial volume in a Chinese population
of nearly 900 individuals, supporting
a role for sex in the action of
microcephaly genes. Intriguingly, it
also suggests that SNPs in the same
locus can have opposite effects in
males and females, as for MCPH1 an
exonic SNP contributes to Chinese
male cranial volume [7] whilst intronic
SNPs and SNPs downstream of the
coding sequence are associated with
Norwegian female brain size [6]. As the
authors discuss, these results strongly
suggest some microcephaly variants
may influence brain development
dependent on hormonal background or
through interactions with genes which
are differentially expressed between
the sexes, potentially contributing to
sex specific differences in brain
structure.
A second notable result from the
analysis of Rimol et al. [6] is the
phenotypes the SNPs are associated
with. Two-thirds of the significant
associations are with cortical surface
area, and no SNP shows any
association with cortical thickness.
This result is exactly as predicted
based on our current understanding ofthe function of these loci in mammalian
neurogenesis. Cortical neurons
originate from progenitor cells found in
a region of the developing brain known
as the ‘ventricular zone’ (for review, see
[18]). These progenitor cells undergo
a period of symmetric, proliferative
divisions before switching to
asymmetric, neurogenic divisions. This
switch is controlled by the orientation
of the spindle pole and notably
CDK5RAP2, ASPM and CENPJ are
implicated in regulating spindle pole
formation and orientation, while
MCPH1 has a function in centrosome
formation but also affects cell survival
and the cell cycle [2]. Hence, the
microcephaly genes are likely to have
a role in controlling the number of
symmetric divisions each progenitor
cell undergoes and, therefore, the size
of the progenitor pool at the onset
of neurogenesis. As each neural
progenitor gives rise to a single
column of neurons, with the number
of neurons in each column roughly
constant, the net result is to increase
the cortical surface area, with little
effect on cortical thickness [19].
Consistent with this, primary
microcephaly patients display
a reduced cortical surface area
but a normal thickness [2]. Notably,
the pattern across mammals is
similar — the cortical surface area
varies greatly between species,
whilst cortical thickness is relatively
constant — suggesting the majority
of cortex size evolution is due to
changes in the number of neural
progenitors at the onset of
neurogenesis [19]. The high frequency
of associations between SNPs in
microcephaly genes and cortical
surface area is thus in complete
agreement with developmental
theories of brain evolution and the
known function of these genes.
Given this close agreement, why
have Rimol et al. [6] and Wang et al. [7]
succeeded where many previous
studies have failed, namely in
demonstrating an association between
microcephaly loci and variation in
human brain size? First, many of the
previous studies only tested for
associations with the few, recently
derived ASPM and MCPH1 haplotypes
which were the focus of claims of
recent positive selection [3,4], while
both Rimol et al. [6] and Wang et al. [7]
consider a larger number of SNPs for
which there is no a priori evidence for
selection. Second, despite the
Current Biology Vol 20 No 5
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of what phenotypes these loci should
affect, many previous studies
examined traits that are, at best, not
directly relevant (e.g. IQ [13,16] or
altruism [14]) or quite distantly removed
(e.g. adult head circumference [15]).
Where more relevant phenotypes such
as cranial volume [11] or brain volume
[12] have been studied, only the few
putatively positively selected SNPs
have been considered. An important
message is that Rimol et al.’s study [6]
clearly demonstrates the benefit of
using the most biologically relevant
phenotypes in genetic association
studies.
Having found significant
associations both Rimol et al. [6] and
Wang et al. [7] performed several tests
to detect positive selection having
acted on the SNPs. Using the Tajima’s
D statistic, which uses polymorphism
data to measure deviation from neutral
evolution in a stable population, Rimol
et al. [6] found four SNPs atCDK5RAP2
and one SNP at ASPM that lie in the
lowest 5% of the distribution for
genome-wide SNPs. This result is
consistent with the action of selection
on these loci and hence raises the
possibility that they may have been
involved in adaptive brain size
evolution, although this will need to be
confirmedwith further data. In contrast,
neither study found any evidence for
selection at ASPM.
It is important to note that the
functional significance of these SNPs,
almost all of which lie outside the
coding sequence, is not known,
although it is of note that a few of
them lie in genomic regions which are
conserved across mammals. Future
analysis of the functional effects
of these SNPs, and other linked
variation, such as by analysis of
gene expression, may provide a new
window into the developmental
mechanisms that give rise to the
human brain, and the role of these
processes in developmental disorders.
The opportunity to uncover the
developmental basis and function of
sex-specific differences in brain
structure is particularly exciting.
Together with studies that show that
positive selection has shaped the
evolution of microcephaly genes
(for review, see [20]), these results
confirm that the loci are good
candidate genes for contributing
to the genetic basis of brain evolution
in humans and other primates.References
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Cells Have Mixed Identity in
SCHIZORIZA
Recently discovered regulators of asymmetric cell division highlight
differences in the mechanisms responsible for cell fate segregation in plants
and animals.Peter Doerner
Asymmetric cell divisions, in which the
two resulting daughter cells initiate
lineages with distinct fates, are
critical in development for stem cell
maintenance, patterning and
differentiation. In most eukaryotes,mutations affecting asymmetric
partitioning of fate result in two cells
sharing an equal fate: many of these
mechanisms depend on the unequal
localization of intrinsic, fate-
determining factors that suppress the
acquisition of a novel fate in one of the
progeny cells [1,2], so when such
